ASFV, vaccinia virus, a member of the Poxviridae, replicates in the cytoplasm and packages many enzymes, including three nucleic acid-dependent NPHs, within virions. NPH I hydrolyses only ATP and dATP, NPH II hydrolyses all ribo-and deoxyribonucleoside triphosphates (Paoletti et al., 1974a, b; Paoletti & Moss, 1974) and the third NPH is a DNA-dependent ATPase and is the small subunit of the early transcription factor (VETF) Broyles & Fesler, 1990; Gershon & Moss, 1990) .
The DNA and RNA helicases utilize the energy from the hydrolysis of nucleoside triphosphates to unwind the duplex strands of nucleic acids (for reviews see Wassarman & Steitz, 1991; Kornberg & Baker, 1992) . DNA helicases function in DNA replication, repair, recombination and the process of conjugation. RNA-DNA helicases unwind RNA-DNA hybrids and are involved in transcription. RNA helicases are involved in transcription, RNA processing, translation, and RNA replication. Here we describe the identification of three ASFV genes which are predicted to encode proteins with homology to putative helicases from vaccinia virus.
A 15-8 kbp SalI fragment and a 9"5 kbp BamHI-SmaI fragment of the Malawi LIL20/1 strain of AFSV were isolated from clones LMwl8 and LMwl6, respectively (Dixon, 1988) and cloned into either Sa/I-digested pUC18 or BamHI-and SmaI-digested pUCll8. ASFV DNA was isolated from these subclones, sonicated, end-repaired, cloned into M13mpl8 and sequenced (Bankier et al., 1987) using Sequenase (US Short communication Biochemical). Random sequence data were assembled into a contiguous sequence using the computer program SAP (Staden, 1982 (Staden, , 1990 . Translation of the nucleotide sequence using the program ORFFILE (M.E.G. Boursnell, Cantab Pharmaceuticals, Cambridge, U.K.) identified 28 complete ORFs of greater than or equal to 65 amino acids. Three of these, designated gl0L, j l0L and jllL are predicted to encode polypeptides of 125K, 80.4K and 58.0K and their positions and direction of transcription within the ASFV genome are shown in Fig.  1 . ORFs jl0L and jllL overlap by 39 nucleotides. The first ATG ofjl 1L lies within a favourable sequence for efficient translation (AGAATGG), whereas the sequences for jl0L (GTCATGT) and gl0L (TTCATGA) are less favourable (Kozak, 1986) . However, for jl0L and gl0L the next methionine codons lie within, or downstream of, a conserved catalytic domain (described below) suggesting that the first ATG is likely to be utilized. A search of the SWISSPROT database (release 22.0) using the program FASTA (Pearson & Lipman, 1988) revealed that jl0L, jllL and gl0L were related to the DNA and RNA helicase superfamily. For jl0L the closest matches were with ORF 4 of the Kluyveromyces lactis killer plasmid pGK12 (pGK12 ORF 4) (Tommasino et al., 1988) and ASFV gl0L (described here). Weaker, but significant, similarity was found with the NPH I proteins ofvaccinia virus (Rodriguez et al., 1986; Broyles & Moss, 1987a) and the entomopoxvirus of Choristoneura biennis (CbEPV) (Yuen et al., 1991) and the 70K early transcription factor subunit from vaccinia virus (Broyles & Fesler, 1990; Gershon & Moss, 1990) and fowlpox virus (Binns et al., 1990; Tartaglia et al., 1990) (Table 1 ). ORF gl0L also had weak similarity with vaccinia NPH I (optimized score of 121, with 18 % identity over 278 amino acids). The smallest ORF, j 11 L, showed homology with A 18R of vaccinia virus (Pacha et al., 1990 ) (optimized score of 155, with 17-8 % identity over 400 amino acids). For all three ASFV ORFs, although the overall scores are low, several domains characteristic of the superfamily of DNA and/or RNA helicases are well conserved.
An alignment of gl0L and jl0L with pGK12 ORF 4, D6R and D11L of vaccinia virus and their respective homologues in fowlpox virus and CbEPV is shown in Fig. 2 . Six major conserved domains of the helicase superfamily II have been described for the pGK12 ORF4 and vaccinia D6R and DllL Linder et al., 1989; S6raphin et al., 1989; Koonin & Senkevich, 1992) . Domains I and II represent the A and B motifs of the purine NTP-binding site (G-X-G-K-S/T and D-E-X-D/H) and are conserved in all seven proteins. In domain II vaccinia virus D6R and ASFVjl0L share complete identity over seven residues (IVDEAHN). Domain III (S/T-A/G S/T) is present but differs in each protein. Domain IV (F/Y-X-X-S/T) was previously assigned to residues 447 to 450 for vaccinia virus t Sequences were aligned using the FASTA algorithm (Pearson & Lipman, 1988 (Pacha et al., 1990) . The alignment was created using the programs Pileup and Lineup (Devereux et al., 1984) . Non-matching amino acids are shown in lower case letters whereas identical amino acids and conservative substitutions are shown in upper case letters. In those regions where the two sequences are identical or show conservative changes the consensus sequence is shown. The sequence motifs are as in Fig. 2 .
D6R and pGK12 ORF 4, and to residues 393 to 396 for vaccinia virus D 11L Koonin & Senkevich, 1992) . However, residues 456 to 482 represent a more extensive region that is conserved in all seven proteins and we define this as domain IV. Within this region two hydrophobic residues precede an aromatic residue (either phenylalanine or tyrosine) and another hydrophobic residue is present after glycine 482 (replaced by asparagine in CbEPV). This pattern is present in several putative and established helicases Linder et al., 1989; S4raphin et al., 1989) . Domains V and VI (S/T-X-X-X-X-X-G/S and H/Q-X-X-G-R-X-X-R) are well conserved in all seven proteins except that jl0L has an alanine instead of glycine in domain VI. All of the predicted polypeptides are very similar in length (Table 1 ) with the exception of gl0L which contains approximately 70 extra residues between domains I and II and has a large C-terminal extension of unknown function. With this exception, the overall spacing of the motifs is conserved between all seven proteins. An alignment of ASFV j 11L with vaccinia virus A 18R is shown separately (Fig. 3) since the encoded proteins are of very similar length (58'0K and 56.7K) and the distances between the catalytic domains are well conserved. Koonin & Senkevich (1992) reported that A18R shares identity with putative DNA helicases ERCC-3, the human DNA repair gene (Weeda et al., 1990 ) and the D10 gene of bacteriophage T5 . Domains I, II, III and VI are well conserved but deviations from the consensus for domains IV and V are found in both proteins. In domain IV, defined in A18R as residues 360 to 363 (Koonin & Senkevich, 1992) , jl 1L has isoleucine instead of valine but is preceded by other hydrophobic residues found in other helicases Linder et al., 1989; S6raphin et al., 1989) . Domain V was defined in A18R as residues 417 to 423 (Koonin & Senkevich, 1992 ). An alternative view is that residues 418 to 424 represent domain V and the first threonine residue is conserved in the jl 1L. Residues 427 to 433 represent a third possible site for domain V within jllL.
Collectively, the presence of domains characteristic of the superfamily of DNA and/or RNA helicases allow the classification of ASFV gl0L, jl0L and jllL as putative helicases that would be expected to bind and hydrolyse ATP. The observation that such proteins are encoded by ASFV is consistent with the presence of distinct nucleic acid-dependent NPHs within ASF virions .
Identification of the roles of these putative ASFV helicases awaits functional and genetic studies but the related vaccinia virus proteins provide clues. Gene D6R encodes the small subunit of the heterodimeric VETF complex which contains DNA-dependent ATPase activity and is required for VETF binding to early promoters and for transcription (Yuen et al., 1987; Broyles & Fesler, 1990; Gershon & Moss, 1990) . Gene DllL encodes NPH I, a late protein with DNA-dependent ATPase activity which is associated with the RNA polymerase complex (Rodriguez et al., 1986; Broyles & Moss, 1987b) . Temperature-sensitive mutants in DllL are defective in intermediate and late gene expression, suggesting a role in transcription (DeLange, 1989; Ktinzi & Traktman, 1989; Kahn & Esteban, 1990) . Gene A18R is transcribed early and late during infection and is essential for virus replication (Condit & Motyczka, 1981 ; Pacha et al., 1990) . Temperature-sensitive mutants in A18R show a late abortive phenotype with activation of the 2',5'-oligoadenylate pathway, degradation of rRNA and cessation of protein synthesis (Pacha & Condit, 1985; Cohrs et al., 1989; Pacha et al., 1990) . The level of dsRNA in cells infected with these mutants is increased because of aberrant late transcription (Bayliss & Condit, 1993) .
Concerning the evolution of these putative helicases of ASFV and vaccinia virus, vaccinia virus D6R and D11L are more closely related to each other than to other helicases, suggesting evolution by gene duplication (Koonin & Senkevich, 1992) . Similarly, the relationship of ASFV gl0L and jl0L indicates an ancient gene duplication event and these four genes may possibly all derive from a common ancestor. Gene duplication is a common phenomenon in both ASFV and poxviruses (Almendral et al., 1990; Gonzfilez et al., 1990; Smith et  al., 1991) . No collinearity is observed in the arrangement of the ASFV and vaccinia virus genes encoding either the putative helicases (Fig. 1) or the ribonucleotide reductase subunits (Boursnell et al., 1991) . These observations, together with the low overall levels of amino acid conservation, emphasize the distant relationship between these cytoplasmic viruses despite common features of genome structure and replication.
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